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CIRCUIT AND METHOD FOR READING AN
ANTIFUSE

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s a divisional of U.S. patent application

Ser. No. 11/054.645, filed Feb. 8, 2005 now U.S. Pat. No.
7,190,629.

TECHNICAL FIELD

The 1invention relates generally to semiconductor antifuse
circuits, and more specifically, to a circuit and method for
reading the programmed or un-programmed state of an
antifuse circuit that 1s isensitive to the pulse width of a
signal mitiating an antifuse read operation.

BACKGROUND OF THE INVENTION

Antifuses are used 1n a variety of semiconductor circuits
for permanently programming digital information. For
example, antifuses are often used 1n semiconductor memory
devices, such as synchronous dynamic random access
memory (SDRAM), to program the memory addresses of
defective memory locations that are remapped to redundant
memory locations. Antifuses are also used to permanently
set various memory device options or program device infor-
mation, such as speed grade, data width, and the like.
Conventional antifuses are capacitive structures that, in their
un-programmed states, form open circuits, and i1n their
programmed states, form short circuits or low resistance
circuits. An antifuse may be blown by applying a relatively
high-voltage across 1ts two terminals, which causes a dielec-
tric layer disposed between the two terminals to break down,
and thus, form a conductive path between the two terminals
of the antifuse. Based on the conductivity of the antifuse, a
circuit coupled to the antifuse, referred to as an antifuse
circuit or an antifuse reading circuit, generates a signal
having a logic level that 1s indicative of the programmed or
un-programmed state of the antifuse.

FIG. 1 illustrates a conventional antifuse reading circuit
100 for reading the state of an antifuse 102. The antifuse 102
can be modeled as a capacitor 103 coupled 1n parallel with
a resistance 104 and a switch 105, which are coupled 1n
series. The capacitor 103 with the switch 105 open repre-
sents the capacitance of the antifuse 102 1n an un-pro-
grammed state while the resistance 104 and the switch 105
closed represent the antifuse 102 1n a programmed state.

The antifuse 102 has a first node coupled to ground and
a second node coupled to a node N1 through an n-channel
metal oxide semiconductor (NMOS) transistor 108 having a
gate coupled to a pumped voltage VCCP. The VCCP voltage
applied to the gate keeps the transistor 108 ON. The node N1
1s coupled to an NMOS transistor 110 having a gate coupled
to ground. Coupling the gate of the transistor 110 to ground
keeps the transistor 110 OFF. The node N1 1s coupled to an
antifuse state latch 120 through an NMOS transistor 112. A
gate ol the transistor 112 1s coupled to a voltage supply
providing a voltage approximately one-half of VCC to keep
the transistor 112 in a conductive/resistive state. The tran-
sistors 108, 110, and 112 can be used for programming an
antifuse, as known 1in the art. However, as shown 1n FIG. 1,
the antifuse reading circuit 100 1s configured for reading the
antifuse 102 1n response to an active LOW antifuse read

signal RDFZT.
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The antifuse state latch 120 latches the state of the
antifuse 102 1n response to the RDFZ1 signal being pulsed
LLOW. The antifuse latch 120 includes an activation inverter

shown as a p-channel metal oxide semiconductor (PMOS)
transistor 130 and an NMOS transistor 134, a first inverter

shown as inverter 136, and a second inverter shown as a

PMOS ftransistor 140 and NMOS transistor 148. A latch 1s
formed by the PMOS ftransistor 140, which 1s coupled 1n
parallel with the transistor 130, and the NMOS transistor
148, which are both coupled to an output of the inverter 136.
A PMOS ftransistor 144 having a gate coupled to ground
provides a voltage VCC for the antifuse latch 120. The
PMOS transistor 144 1s generally a “long” transistor to
provide suilicient current to trigger the antifuse latch 120

during an antifuse read operation when the RDFZ1 signal 1s
pulsed LOW.

Operation of the antifuse reading circuit 100 will be
described with respect to a signal timing diagram 1llustrated
in FIG. 2. The timing diagram generally 1llustrates a voltage
level at a node N2 (FIG. 1) corresponding to an mnput of the
inverter 136 and a voltage level of an output signal OUT
provided at the output of the inverter 136 in response to an
antifuse read operation mitiated by a RDFZI signal 200
being pulsed LOW. The OU'T signal has a voltage level that
1s indicative of the state of the antifuse 102. The N2 signal
202 and the OUT signal 204 correspond to the case when an
un-programmed antifuse 1s read and the N2 signal 206 and
the OUT signal 208 correspond to the case when a pro-
grammed antifuse 1s read. At a time T0, prior to the antifuse
read operation, the RDFZ1 signal 200 1s HIGH and the OUT
signal 1s HIGH as well. As a result, the transistors 134 and
148 are ON to couple the node N2 to ground, and the
transistors 120 and 130 are OFF to 1solate the node N2 from
the VCC voltage supply. At a time T1, the RDFZ1 signal 1s
pulsed LOW to mitiate the antifuse read operation. In
response to the LOW RDFZ1 signal, the transistor 134 1s
switched OFF. The transistor 130 1s also switched ON to
decouple the node N2 from ground and couple the node N2
to the VCC voltage supply, respectively. The OUT signal at
this time remains HIGH since the voltage at the node N2 1s
still less than a voltage trigger level of the mverter 136, at
which, the inverter 136 will invert the OUT signal.

In the case where the antifuse 102 1s un-programmed, the
voltage at the node N2 begins to increase due to the coupling
of the VCC voltage supply through the transistor 130. As
previously discussed, the un-programmed antifuse 102 can
be modeled as the capacitor 103. Thus, the voltage at the
node N2 will require a finite time to increase to a voltage
level suflicient to cause the inverter 136 to invert the OUT
signal. At a time T2, the increasing voltage level of the node
N2 1s greater than the voltage trigger level of the inverter
136, causing it to invert the OUT signal from HIGH to LOW
indicating that the antifuse 102 1s un-programmed. The
LOW OUT signal switches OFF the transistor 148 and
switches ON the transistor 140. As a result, the node N2 1s
now coupled to the VCC voltage supply through both
transistors 130 and 140, and the voltage level of the node N2
increases at a faster rate. The activation of the transistor 140
causes the LOW OUT signal to be latched by coupling the
node N2 to the VCC voltage supply. By a time T3, the node
N2 1s charged to 1ts maximum voltage level, and at a time
T4, the RDFZ1 signal returns HIGH to complete the antifuse
read operation by switching the transistor 130 OFF and
switching the transistor 134 ON. The LOW OUT signal
continues to be latched by the inverter 136 and the transistor
140.
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With reference to the N2 signal 206 and the OUT signal
208, 1n the case where the antifuse 102 1s programmed, the
voltage level at the node N2 does not increase at the time T1,
or increases slightly due to the antifuse 102 being modeled
as the resistance 104. That 1s, when the transistor 130 1s
switched ON 1n response to the RDFZ1 signal being pulsed
LOW, the VCC voltage supply 1s coupled through the
transistors 112 and 108, and the programmed antifuse 102 to
ground. As a result, the voltage level at the node N2 1s never
suilicient to cause the inverter 136 to invert the OUT signal,
and the OU'T signal 1s maintained LOW at the completion of
the antifuse read operation, thus, indicating that the antifuse
102 1s programmed.

As 1llustrated by the previous discussion, the pulse width
of the LOW pulse of the RDFZ1 signal should be sutflicient
to allow the voltage level of the node N2 to increase to above
the voltage trigger level of the inverter 136 in order to
accurately read the state of the antifuse 102. Typically, at
least 15 nanoseconds (ns) are required to accurately read the
state of the antifuse 102 using the conventional antifuse
reading circuit 100. If the duration, or “pulse width” of the
LOW pulse of the RDFZ1 signal 1s not suflicient, an un-
programmed antifuse may be incorrectly read as a pro-
grammed antifuse. IN order to avoid misreading the state of
the antifuse 102, a worst case 1s assumed and the pulse width
of the LOW pulse of the RDFZ1 signal 1s typically 30 ns to
provide adequate margin.

Under some power, voltage and temperature conditions,
however, the pulse width can be as short as 13 ns, less than
what 1s generally required for accurate reading of an anti-
fuse. Moreover, diflerent temperature conditions can also
allect the amount of time needed to charge the antifuses due
to changes in leakage and junction capacitances. Varying
voltage supply levels also influence the amount of time
required to charge the antifuse 102. Additionally, physical
characteristics of the antifuse 102 and transistors of the
antifuse reading circuit may vary substantially between
memory devices. For example, the antifuse 102 of one
memory device may have substantially greater capacitance
than the antifuse 102 1n another memory device requiring,
greater time for the antifuse reading circuit to accurately
read the state of an antifuse. Similarly, the transistors 1n one
memory device may offer substantially different resistance
to current than the transistors 1n another memory device due
to inherent variations in the processing of large numbers of
semiconductor chips. The pulse width of the LOW pulse of
the RDFZI signal can be increased to accommodate the
various influences to ensure accurate reading of the antifuse
state under worst case conditions. However, increasing the
pulse width of the LOW pulse of the RDFZ1 signal will
negatively impact power-up performance of the memory
device and its operating speed, as well as increase nitial
power consumption by the memory device.

Therefore, there 1s a need for an alternative circuit and
method for accurately reading the state of an antifuse that 1s
less dependent on the pulse width of a signal initiating an
antifuse read operation.

SUMMARY OF THE INVENTION

The present mnvention 1s related to an antifuse circuit and
method for determining whether an antifuse 1s programmed
or un-programmed. In one aspect of the invention the
antifuse circuit includes a sensing circuit having a sense
node coupled to the antifuse that 1s configured to generate a
reference current and compare a sense current at the sense
node relative to the reference current. The sensing circuit
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4

generates an output signal having a first logic level 1n
response to the sense current being greater than the reference
current and generates the output signal having a second logic
level 1n response to the sense current being less than the
reference current. The logic level of the output signal 1s
indicative of whether the antifuse 1s programmed or un-
programmed.

In another aspect of the invention, a method for reading
an antifuse includes generating a reference current and
comparing a sense current having a magnitude based on the
impedance of the antifuse to the reference current. An output
signal having a logic level representative of a programmed
state of the antifuse 1s generated in response to the sense
current being greater than the reference current and an
output signal having a logic level representative of an
un-programmed state of the antifuse 1s generated 1n response
to the sense current being less than the reference current.

In another aspect of the invention, a method for deter-
mining whether an anftifuse 1s programmed or un-pro-
grammed includes initializing a reference node and a sense
node to an initialization voltage. The sense node 1s coupled
to the antifuse. A reference current 1s generated 1n response
to the 1mtialization voltage and a sense current 1s generated
in response to the mitialization voltage. The sense current
has a magnitude based on the impedance of the antifuse. The
sense current and the reference current are compared, and 1n
response to the sense current being greater than the reference
current, a first logic level 1s latched. Conversely, a second
logic level 1s latched 1n response to the sense current being
less than the reference current. An output signal having a
logic level indicative of the programmed or un-programmed
state of the antifuse 1s generated based on the latched logic
level.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram of a conventional antifuse
reading circuit.

FIG. 2 1s a timing diagram of various signals during the
operation of the antifuse reading circuit shown in FIG. 1.

FIG. 3 1s a schematic diagram of an antifuse reading
circuit according to an embodiment of the present invention.

FIG. 4 1s a timing diagram of various signals during the
operation of the antifuse reading circuit shown 1n FIG. 3.

FIG. 5 1s a schematic diagram of an antifuse reading
circuit according to alternative embodiment of the present
invention.

FIG. 6 1s a functional block diagram of a memory device
having an antifuse reading circuit according to an embodi-
ment of the present invention.

FIG. 7 1s a functional block diagram of a processing
system 1ncluding a memory device shown in FIG. 6.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

e

Certain details are set forth below to provide a suflicient
understanding of the invention. However, 1t will be clear to
one skilled in the art that the mmvention may be practiced
without these particular details. In other instances, well-
known circuits, control signals, timing protocols, and soft-
ware operations have not been shown 1n detail in order to
avoild unnecessarily obscuring the invention.

FIG. 3 1llustrates an antifuse reading circuit 300 according,
to an embodiment of the present invention. Some elements
shown 1n FIG. 3 have been previously described with respect
to the antifuse reading circuit 100 shown 1n FIG. 1. Namely,
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the antifuse 102, the node N1, and transistors 108, 110, and
112. These elements will not be described again in the
interest of brevity. The antifuse reading circuit 300 includes
a sense latch 302 having a sense node N2 that 1s coupled to
the transistor 112. NMOS transistors 303, 304 and PMOS
transistors 305, 306 arc arranged as cross-coupled comple-
mentary metal oxide semiconductor (CMOS) iverters to
form a latch. An NMOS transistor 308 1s coupled to a sense
node N3 and, as will be explained in more detail below,
establishes a reference current 12. The antifuse reading
circuit 300 further including four PMOS transistors 311-314.
Each transistor 311-314 1s coupled to a respective node N2,
N3, N4, and NS of the sense latch 302 and a VCC voltage
supply. The transistors 311-314 each have a gate at which an
antifuse read signal RDFZ1 1s applied. In response to a LOW
pulse of the RDFZ1 signal, each transistor 311-314 couples
the respective node N2-N3 to the VCC voltage supply. An
mverter 320 having an iput coupled to the node N5
provides an OUT_signal having a logic level indicative of
the state of the antifuse 102. The underscore “_” following
“OUT” designates that the OUT_signal 1s active LOW. That
1s, the logic level of the OUT signal corresponds to the
inverse state of the antifuse compared to the antifuse read
circuit 100 of FIG. 1. More specifically, as shown in FIG. 3,
an OUT_signal having a HIGH logic level indicates an
un-programmed antifuse 102 and an OUT_signal having a
LOW logic level indicates a programmed antifuse 102. The
inverter 320 can be coupled to the node N4 1f the inverse
logic state 1s desired.

Operation of the antifuse reading circuit 300 will be
described with respect to FIGS. 4A and 4B. FIG. 4A
illustrates various signals during the operation of the anti-
fuse reading circuit 300 when the antifuse 102 1s un-
programmed. FIG. 4B 1llustrates various signals during the
operation of the anftifuse reading circuit 300 when the
antifuse 102 1s programmed.

With respect to FIG. 4A, at a time TO0, prior to the
initiation of an antifuse read operation, the RDFZ1 signal 1s
HIGH, which keeps the transistors 311-314 OFF and the
respective nodes N2-N3S decoupled from the VCC voltage
supply. Also at the time T0, the node NS 1s at an unknown
state, which results 1n the OUT_signal having an unknown
state as well. At a time T1, the RDFZ1 signal goes LOW to
initiate an antifuse read operation. The transistors 311-314
are switched ON, coupling the nodes N2-N5, respectively, to
the VCC voltage supply. As a result, the OUT_signal 1s
LOW due to the VCC voltage coupled to the node NS, and
the transistors 303-306 are OFF since the respective gate-
source voltages (Vgs) do not exceed the respective transistor
threshold voltages (Vt). A reference current 12 results from
coupling the VCC voltage to the node N3. The value of the
12 current 1s established based on the impedance of the
transistor 308. As previously mentioned, FIG. 4A represents
the condition where the antifuse 102 1s un-programmed. As
a result, a sense current 11, that has a magnitude dependent
on the state of the antifuse 102, 1s zero, or nearly zero due
to leakage currents.

At atime T2, the RDFZ1 signal returns HIGH, decoupling
the nodes N2-N5 from the VCC voltage supply. Both
transistors 303 and 304 remain OFF immediately after the
nodes N4 and N5 are decoupled from the VCC voltage
supply because the respective gate-source voltages (Vgs)
still do not exceed the respective threshold voltages (Vt) of
the transistors 303 and 304. However, the Vgs of the
transistor 304 1s increasing due to the reference current 12
discharging the node N3. In contrast, the Vgs of the tran-
sistor 303 remains approximately the same because the
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sense current 11 1s zero due to the un-programmed state of
the antifuse 102. As the 12 current continues to decrease the
voltage level of the node N3, the Vgs of the transistor 304
eventually exceeds 1ts Vt, causing the transistor 304 to
switch ON. The node N5 1s now coupled to the node N3
through the transistor 304, which switches ON the transistor
303, and keeps the transistor 303 OFF. The node N4 1s now
coupled through the transistor 305 to the VCC voltage
supply to keep the transistor 306 OFF and ensure that the
transistor 304 1s fully ON. By a time T3, the voltage levels
of the nodes N3 and NS are at ground and the sense latch 302
1s set. As a result, the inverter 320 generates an OUT_signal
having a HIGH logic level indicating that the antifuse 102 1s
un-programmed. The OUT_signal can be sampled at any
time after the time 13 to determine that the antifuse 102 1s
un-programmed.

With respect to FIG. 4B, that 1s, the case where the
antifuse 102 1s programmed, at a time T0 the RDFZ1 signal
1s HIGH and the condition of the transistors 303-306 and
311-314 1s the same as previously described with respect to
FIG. 4A. As a result, the logic level of the OUT_signal 1s
unknown. At a time T1, the RDFZ1 signal goes LOW,
initiating the antifuse read operation. The transistors 311-
314 are switched ON, and the respective nodes N2-N5 are
coupled to the VCC voltage supply. With the node N5
coupled to the VCC voltage supply, the inverter 320 gener-
ates an OUT_signal having a LOW logic level. In contrast
to FIG. 4A, a sense current 11 having a non-zero magnitude
results from the coupling of the node N2 to the VCC voltage
supply. The current 11 1s present due to the programmed state
of the antifuse 102.

At a time T2, the RDFZ1 signal returns HIGH, switching
OFF the transistors 311-314 to decouple the respective
nodes N2-N5 from the VCC voltage supply. As previously
described with respect to FIG. 4A, immediately after the
nodes N2-N5 are decoupled from the VCC voltage supply,
the transistors 303-306 are OFF since the respective Vgs 1s
less than the Vt of the respective transistors. However,
unlike the case where the antifuse 102 1s un-programmed,
the magnitude of the I1 current 1s greater than the magnitude
of the 12 current where the antifuse 102 1s programmed. As
a result, the voltage level of the node N2 decreases faster
than the voltage level of the node N3, which causes the Vgs
of the transistor 303 to exceed its Vt before the Vgs of the
transistor 304 exceeds 1ts Vt. The transistor 303 switches ON
to couple the node N4 to the node N2, which 1n turn switches
ON the transistor 306 and prevents the transistor 304 from
switching ON. The node N3 1s now coupled to the VCC
voltage supply maintaining the transistor 305 in an OFF
state and fully switching the transistor 303 ON. By a time
T3, the node NS 1s fully coupled to the VCC voltage supply
and the sense latch 302 1s set. The inverter 320 generates an
OUT_signal having a LOW logic level indicating that the
antifuse 102 1s programmed. The OUT_signal can be
sampled at any time after the time T3 to determine that the
antifuse 102 1s programmed.

As 1llustrated by the previous discussion, the antifuse
reading circuit 300 generates an OUT_signal having a logic
level indicative of the programmed or un-programmed state
of the antifuse 102 based on the magnitude of the sense
current I1 relative to the reference current 12. The magnitude
of the reference current 12 1s based on the transistor 308,
which can be designed with a dimension that sets the 12
current to a suitable reference magnitude. As a result, the
sensing portion of the antifuse read operation 1s independent
of the pulse width of the LOW pulse of the RDFZ1 signal

and takes place between the times 12 and T3 after the
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RDFZ1 signal returns HIGH. In the antifuse reading circuit
300, the pulse width of the LOW pulse of the RDFZ1 signal
needs to long enough to allow the nodes N2-N5 to be
coupled to the VCC voltage supply and for the voltage levels
of the respective nodes to be pulled to VCC. In contrast, the
pulse width for the conventional antifuse reading circuit 100
must be of suflicient duration to allow the voltage level of a
sense node to exceed a trigger point of an mverter. The time
for an antifuse to be read by the antifuse reading circuit 300
1s the sum of the pulse width of the LOW pulse (1.e., from
the time T1 to T2) of the RDFZ1 signal, and the time for the
sense latch 302 to latch the state of the antifuse 102 and the
inverter 320 to generate an OUT_signal 1n response to the
latching (1.e., from the time 12 to T3). Depending on the
particular dimensions of the transistors of the antifuse read-
ing circuit 300, the total time for reading an antifuse can be
as short as 5 ns.

FI1G. 5 1llustrates an antifuse reading circuit 300 according
to an alternative embodiment of the present invention. Some
clements shown i FIG. 5 have been previously described
with respect to the antifuse reading circuit 100 shown in
FIG. 1. Namely, the antifuse 102, the node N1, and transis-
tors 108, 110, and 112. These elements will not be described
again 1n the interest of brevity. In contrast to FIG. 1,
however, the antifuse 102 1s coupled to a VCC voltage
supply and the transistor 112 1s coupled to ground repre-
senting the operating condition during an antifuse read
operation. The antifuse reading circuit 500 includes a sense
latch 502 having a sense node N2 that 1s coupled to the
transistor 112. NMOS transistors 503, 504 and PMOS
transistors 505, 506 are arranged as cross-coupled CMOS
inverters to form a latch. PMOS transistor 508 1s coupled to
a sense node N3 and, as will be explained 1n more detail
below, establishes a reference current 12. The antifuse read-
ing circuit 500 employs a PMOS transistor 308 for setting
the magnitude of the reference current 12, 1n contrast to the
antifuse reading circuit 300, which uses an NMOS transistor
308. To provide similar resistive switch points for the
antifuse reading circuits 300 and 500, the PMOS transistor
508 can have smaller dimensions relative to the NMOS
transistor 308. The anftifuse reading circuit 500 further
including four NMOS transistors 511-514. Each transistor
511-514 1s coupled to a respective node N2, N3, N4, and N5,
respectively, of the sense latch 502 and ground. The tran-
sistors 511-514 each have a gate at which an antifuse read
signal RDFZ 1s applied to couple the respective nodes
N2-NS5 to ground in response to a HIGH pulse of the RDFZ
signal. An inverter 520 having an input coupled to the node
NS provides an OUT signal having a logic level indicative
of the state of the antitfuse 102. As shown 1n FIG. 5, an OUT
signal having a LOW logic level indicates an un-pro-
grammed antifuse 102 and an OUT signal having a HIGH
logic level indicates a programmed antifuse 102.

Operation of the antifuse reading circuit 300 1s similar to
that of the antifuse reading circuit 300 1n that a sense current
I1, which has a magnitude based on the state of the antifuse
102, 1s compared to the reference current 12 for reading the
state of the antifuse 102. That 1s, 1t the magnitude of the
sense current I1 1s less than the magnitude of the reference
current 12, the transistor 506 will become conductive before
the transistor 505, causing the node N4 to be pulled to
ground through the transistor 503 and the node NS5 to
develop a suflicient voltage level to cause the inverter 520 to
generate an OUT signal having a LOW logic level indicating
that the antifuse 102 1s un-programmed. Conversely, 1f the
magnitude of the sense current I1 1s greater than the mag-
nitude of the reference current 12, the transistor 505 waill
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become conductive before the transistor 506. As a result, the
node N5 will be pulled to ground through the transistor 504
causing the mverter 520 to generate an OUT signal having
a HIGH logic level indicating that the antifuse 102 1is
programmed. As with the antifuse reading circuit 300 shown
in FIG. 3, the sensing portion of an antifuse read operation
performed by the antifuse reading circuit 500 1s independent
of the high pulse width of the RDFZ signal. The total read
time 1s the sum of the high pulse width of the RDFZ signal
and the time for the node N3 to reach a voltage level
suflicient to cause the mnverter 520 to generate the OUT
signal.

FIG. 6 illustrates a SDRAM device 600 having at least
one antifuse reading circuit according to an embodiment of
the present invention. The SDRAM device 600 includes an
address register 612 receiving either a row address and a
bank address bit BA or a column address on an address bus
614. The address bus 614 1s generally coupled to a memory
controller (not shown in FIG. 6). A row address and a bank
address are received by the address register 612, and applied
to a row address multiplexer 618. The row address multi-
plexer 618 couples the row address to one of two row
address latches 626 depending on the state of the bank
address BA. Each of the row address latches 626 stores the
row address and applies 1t to a row decoder 628, which
applies various signals to a respective memory bank array
620, 622 as a function of the stored row address. The row
address multiplexer 618 also couples row addresses to the
row address latches 626 for the purpose of refreshing
memory cells 1n the arrays 620, 622. The row addresses are
generated for refresh purposes by a refresh counter 630 that
1s controlled by a refresh controller 632. The arrays 620, 622
are comprised of memory cells arranged in rows and col-
umns.

After the row address has been applied to the address
register 612 and stored 1n one of the row address latches 626,
a column address 1s applied to the address register 612. The
address register 612 couples the column address to a column
address latch 640. Depending on the operating mode of the
SDRAM device 600, the column address 1s either coupled
through a burst counter 642 to a column address builer 644,
or to the burst counter 642, which applies a sequence of
column addresses to the column address bufler 644 starting
at the column address output by the address register 612. In
either case, the column address bufler 644 applies a column
address to a column decoder 648, which applies various
column signals to respective sense amplifiers and associated
column circuits 650, 652 for the respective arrays 620, 622.

Data to be read from one of the arrays 620, 622 are
coupled from the arrays 620, 622, respectively, to a data bus
658 through the column circuit 650, 652, respectively, and
a read data path that includes a data output register 656. Data
to be written to one of the arrays 620, 622 are coupled from
the data bus 658 through a write data path, including a data
iput register 660, to one of the column circuits 650, 652
where they are transiferred to one of the arrays 620, 622,
respectively. A mask register 664 may be used to selectively
alter the flow of data into the column circuits 650, 652 by,
for example, selectively masking data to be written to the

arrays 620, 622.

The above-described operation of the SDRAM device 600
1s controlled by a control logic circuit 666, which includes
a command decode circuit 668 and a mode register 669. The
control logic circuit 666 i1s responsive to high level com-
mand signals recerved from a control bus 670 through the
command decode circuit 668. The high level command
signals, which are typically generated by the memory con-
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troller, are a chip select signal CS_, a write enable signal
WE_, a row address strobe signal RAS_, and a column
address strobe signal CAS_. The memory controller also
typically provides a clock enable signal CKE_and a clock
signal CLK through the control bus 670 to the control logic
circuit 666. As previously mentioned, the “_” designates the
signal as active low. The control logic circuit 666 generates
a sequence of command signals responsive to the high level
command signals to carry out a function (e.g., a read or a
write) designated by each of the high level command
signals. The command signals, and the manner 1n which they
accomplish their respective functions, are conventional.
Therefore, 1n the 1nterest of brevity, a further explanation of
the command signals will be omitted.

The SDRAM 600 includes redundant circuitry that can be
employed to remap the addresses of defective memory
locations found during testing to redundant memory. The
redundant memory 1s included 1n the memory bank arrays
620, 622 (not shown). In particular, the redundant memory
includes rows and columns of redundant memory cells.
Thus, 11 a memory location in a row or column of a primary
memory array 1s defective, then address corresponding to the
entire column or row can be remapped to a row or column
of redundant memory. By remapping the addresses of defec-
tive memory cells, the SDRAM device 600 can still be
functional although 1t contains defective memory cells.
Remapping an address to one of the rows or columns of
redundant memory 1s accomplished in the SDRAM 600 by

programming a specific combination of antifuses in one of
several antifuse banks in the SDRAM device 600. The

SDRAM device 600 contains several antifuse banks 690 that
are located between the address latches 626, 640 and the
respective decoders 628, 648. The antifuse banks 690
include antifuse reading circuits according to an embodi-
ment of the present invention for reading the programmed or
un-programmed state of the antifuses as part of the redun-
dant memory decoding. The specific combination of anti-
fuses are programmed corresponding to the address of a
defective row or column of cells 1n the memory bank arrays
620, 622. For example, if the defective row or column has
an 8-bit binary address of 00100100, then the appropriate
antifuses 1n a set of 8 antifuses are programmed to store this
address.

In operation, when a memory address 1s provided to the
SDRAM device 600 for access, a compare circuit compares
the incoming memory address to the addresses stored 1n the
antifuse banks 690 to determine whether the incoming
address matches any of the programmed addresses corre-
sponding to a defective memory location. If the compare
circuit determines such a match, then 1t outputs a match
signal to a controller in a row or column decoder 628, 648,
respectively. In response, the row or column decoder 628,
648 causes an appropriate row or column of redundant
memory to be accessed instead of the defective row or
column.

FIG. 7 1s a block diagram of a computer processing
system 700 including the SDRAM device 600. The com-
puter processing system 700 includes a processor 722 for
performing various computing functions, such as executing
specific soltware to perform specific calculations or tasks.
The processor 722 includes a processor bus 723 that
includes an address bus, a control bus, and a data bus. The
processor 722 1s coupled to a cache memory 727 and to the
SDRAM device 600 through a memory controller 730. The
memory controller 730 includes a control bus 732 and an
address bus 734 which are coupled to the SDRAM device
600. A data bus 736 1s coupled between the SDRAM device
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600 and the processor bus 723 for direct memory access. The
computer processing system 700 further includes one or
more input devices 724, such as a keyboard or a mouse,
coupled to the processor 722 to allow an operator to inter-
face with the computer processing system 700. The com-
puter processing system 700 also includes one or more
output devices 7235 coupled to the processor 722, such as a
printer or a video terminal. One or more data storage devices
726 may also be coupled to the processor 722 to allow the
processor 722 to store data or retrieve data from internal or
external storage media (not shown). Examples of typical
storage devices 726 include hard and floppy disks, tape
cassettes, and compact disk read-only memories (CD-
ROMs).

Modifications to the memory device 600 and the com-
puter processing system 700 can be made without departing
from the scope of the present invention. Moreover, although
the antifuse reading circuits have been described herein as
being used for storing the addresses of defective memory
locations that are remapped to redundant memory, antifuse
reading circuits according to embodiments of the present
invention can be used for other applications in a memory
device where an antifuse 1s used for programming informa-
tion, and there 1s a need to read the state of an antifuse.
Moreover, antifuse reading circuits according to embodi-
ments of the present invention can be used more generally
in integrated circuits other than memory devices where
antifuses are used and where there 1s a need to read the state
of the antifuse.

From the foregoing it will be appreciated that, although
specific embodiments of the invention have been described
herein for purposes of illustration, various modifications
may be made without deviating from the spirit and scope of
the mvention. For example, although the transistor 308
(FIG. 3) 1s shown as having its gate coupled to the VCC
voltage supply, 1n another embodiment of the present inven-
tion a control signal 1s applied to the gate of the transistor
308 that can be used to vary the impedance of the transistor
308 to adjust the magnitude of the reference current 12 1s
desired. The adjustment of the reference current 12 can be
used to compensate for voltage and temperature changes.
Similarly, the transistor 508 (FIG. 5) can be used to adjust
the reference current 12 where a control signal 1s applied to
its gate, rather than being coupled to ground. Accordingly,
the invention 1s not limited except as by the appended
claims.

What 1s claimed 1s:
1. A memory device, comprising:
an address bus;
a control bus;:
a data bus;
an address decoder coupled to the address bus;
an antifuse bank coupled to the address decoder, the
antifuse bank having a plurality of antifuses;
a read/write circuit coupled to the data bus;
a control circuit coupled to the control bus;
a memory-cell array coupled to the address decoder,
control circuit, and read/write circuit; and
a circuit coupled to an antifuse of the antifuse bank for
sensing a programmed or un-programmed state of the
antifuse 1 response to an input pulse, the circuit
comprising:
an 1nitialization circuit having an mput node at which
the input pulse 1s applied and further having an
output node, the mitialization circuit configured to
couple the output node to an imtialization voltage
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and decouple the output node from the mitialization
voltage 1n response to the mput pulse;

a current sensing circuit coupled to the imtialization
circuit and having a sense node to which the antifuse
1s coupled and further having an output node, the
current sensing circuit configured to generate a ref-
erence current and, n response to decoupling the
output node of the mitialization circuit from the
imitialization voltage, compare a current at the sense
node relative to the reference current, the current
sensing circuit Turther configured to couple the out-
put node to a first voltage level 1n response to the
current being greater than the reference current and
couple the output node to a second voltage level 1n
response to the current being less than the reference
current; and

an output circuit having an input coupled to the output
node of the current sensing circuit and having an
output, the output circuit configured to generate an
output signal having a logic level indicative of the
programmed or un-programmed state of the antifuse
according to the voltage level of the output node.

2. The memory device of claam 1 wherein the current

sensing circuit of the circuit comprises:

a first mverter having a first input node, a first output
node, a first common node and a first supply node, the
first common node representing the sense node;

a second inverter having a second input node, a second
output node, a second common node and a second
supply node, the first mnput node coupled to the second
output node and the first output node coupled to the
second 1nput node; and

a voltage controlled impedance device coupled to the
second common node, the voltage controlled 1mped-
ance device having a control node and an electrical
impedance based on the voltage of a signal applied to
the control node.

3. The memory device of claam 1 wherein the current
sensing circuit of the circuit comprises:

a first mverter having a first input node, a first output
node, a first common node and a {first supply node, the
first supply node representing the sense node;

a second 1nverter having a second input node, a second
output node, a second common node and a second
supply node, the first input node coupled to the second
output node and the first output node coupled to the
second 1nput node; and

a voltage controlled impedance device coupled to the
second supply node, the voltage controlled impedance
device having a control node and an electrical imped-
ance based on the voltage of a signal applied to the
control node.

4. The memory device of claim 2 wherein the voltage
controlled 1mpedance device comprises and n-channel
metal-oxide-semiconductor (NMOS) transistor.

5. The memory device of claim 4 wherein the initializa-
tion circuit of the circuit comprises a {irst p-channel metal-
oxide-semiconductor (PMOS) transistor coupled to the first
output node, a second PMOS transistor coupled to the
second output node, a third PMOS transistor coupled to the
first common node and a fourth PMOS transistor coupled to
the second common node, each PMOS ftransistor having a
gate to which the pulse signal 1s applied.

6. The memory device of claim 3 wherein the voltage
controlled impedance device comprises an p-channel metal-
oxide-semiconductor (PMOS) transistor.
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7. The memory device of claim 3 wherein the mitializa-
tion circuit of the circuit comprises a {irst n-channel metal-
oxide-semiconductor (NMOS) transistor coupled to the first
output node, a second NMOS ftransistor coupled to the
second output node, a third NMOS transistor coupled to the
first common node and a fourth NMOS transistor coupled to
the second common node, each NMOS transistor having a

gate to which the pulse signal 1s applied.
8. A computer processing system, comprising;:
a data mput device;
a data output device;

a processor coupled to the data mput and output devices;
and

a memory device coupled to the processor, the memory
device comprising:
an address bus;
a control bus;
a data bus;
an address decoder coupled to the address bus;

an antifuse bank coupled to the address decoder, the
antifuse bank having a plurality of antifuses;

a read/write circuit coupled to the data bus;
a control circuit coupled to the control bus;

a memory-cell array coupled to the address decoder,
control circuit, and read/write circuit; and

a circuit coupled to an antifuse of the antifuse bank
for sensing a programmed or un-programmed
state of the antifuse 1n response to an 1nput pulse,
the circuit comprising:
an 1mtialization circuit having an mmput node at

which the input pulse 1s applied and tfurther
having an output node, the 1nitialization circuit
configured to couple the output node to an
iitialization voltage and decouple the output
node from the 1nitialization voltage in response
to the mput pulse;

a current sensing circuit coupled to the mnitializa-
tion circuit and having a sense node to which
the antifuse 1s coupled and further having an
output node, the current sensing circuit config-
ured to generate a reference current and, in
response to decoupling the output node of the
initialization circuit from the nitialization volt-
age, compare a current at the sense node relative
to the reference current, the current sensing
circuit further configured to couple the output
node to a first voltage level in response to the
current being greater than the reference current
and couple the output node to a second voltage
level 1n response to the current being less than
the reference current; and

an output circuit having an input coupled to the
output node of the current sensing circuit and
having an output, the output circuit configured
to generate an output signal having a logic level
indicative of the programmed or un-pro-
grammed state of the antifuse according to the
voltage level of the output node.

9. The computer processing system of claim 8 wherein the
current sensing circuit of the circuit comprises:

a first mverter having a first input node, a first output
node, a first common node and a first supply node, the
first common node representing the sense node;

a second mverter having a second mput node, a second
output node, a second common node and a second
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supply node, the first input node coupled to the second
output node and the first output node coupled to the
second 1nput node; and

a voltage controlled impedance device coupled to the
second common node, the voltage controlled 1imped-
ance device having a control node and an electrical
impedance based on the voltage of a signal applied to
the control node.

10. The computer processing system of claim 8 wherein

the current sensing circuit of the circuit comprises:

a first inverter having a first input node, a first output
node, a first common node and a first supply node, the
first supply node representing the sense node;

a second 1nverter having a second input node, a second
output node, a second common node and a second
supply node, the first input node coupled to the second
output node and the first output node coupled to the
second 1nput node; and

a voltage controlled impedance device coupled to the
second supply node, the voltage controlled impedance
device having a control node and an electrical imped-
ance based on the voltage of a signal applied to the
control node.

11. The computer processing system of claim 9 wherein

the voltage controlled impedance device comprises and
n-channel metal-oxide-semiconductor (NMOS) transistor.
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12. The computer processing system of claim 11 wherein
the mnitialization circuit of the circuit comprises a first
p-channel metal-oxide-semiconductor (PMOS) transistor
coupled to the first output node, a second PMOS ftransistor
coupled to the second output node, a third PMOS transistor
coupled to the first common node and a fourth PMOS
transistor coupled to the second common node, each PMOS
transistor having a gate to which the pulse signal 1s applied.

13. The computer processing system of claim 10 wherein
the voltage controlled impedance device comprises an
p-channel metal-oxide-semiconductor (PMOS) transistor.

14. The computer processing system of claim 10 wherein
the initialization circuit of the circuit comprises a first
n-channel metal-oxide-semiconductor (NMOS) transistor
coupled to the first output node, a second NMOS transistor
coupled to the second output node, a third NMOS transistor
coupled to the first common node and a fourth NMOS
transistor coupled to the second common node, each NMOS

transistor having a gate to which the pulse signal 1s applied.
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